Asymmetry in mutual predation can be important in species replacement between native and invasive species. Mutual predation between the endangered Japanese native crayfish species Cambaroides japonicus and the North American invasive crayfish Pacifastacus leniusculus was studied to assess the potential impact of P. leniusculus on C. japonicus. We made laboratory experiments to examine mutual predation (i) between individuals in pairs of the same and different species and (ii) among a group comprising single and mixed species. We also made field surveys to clarify the frequency of cannibalism of the two species. In laboratory experiments, the frequency of cannibalism was low by both two species, but predation by P. leniusculus on C. japonicus was severe and most P. leniusculus survived both in different species pairs and in mixed species groups. In field surveys, remains of the two crayfish species, which may have been caused by predation by the same species, i.e., cannibalism, were scanty. The results suggest that asymmetry in mutual predation can be an important cause of species replacement of the native C. japonicus by the invasive P. leniusculus in the field.
INTRODUCTION
Large numbers of invasive species have become established in many areas of the world by human activities. Invasive species may displace native species through competition for limited resources, and they may kill and eat native species to extinction. They might alter the habitat so that many native species are no longer able to live (Primack, 1998) .
Asymmetry in mutual predation between closely related native and invasive species can cause extinction of a native species population. For example, in amphipod crustacean species, intraguild predation may lead to species replacement of native gammarid species by invasive species, e.g., Dick et al. (1993 Dick et al. ( , 1995 Dick et al. ( , 1999 , Dick and Platvoet (2000) , Kinzler and Maier (2003) . Asymmetry in mutual predation between native and invasive species has also been observed for ladybird beetles (Snyder et al., 2004) and for lizards (Gerber and Echternacht, 2000) .
In Europe, invasive crayfish species have displaced native crayfish by competitive exclusion and direct predation, e.g., Holdich and Domaniewski (1995) , Söderbäck (1995) and by transmission of crayfish plague Aphanomyces astaci Schikora, 1903, which is lethal to all European crayfish species but is resistant to North American crayfish species (Holdich, 1999 (Holdich, , 2000 . The signal crayfish, Pacifastacus leniusculus (Dana, 1852) , is recognized as a crayfish species that has a strong negative influence on European native crayfish species (Holdich, 1999) , and definitely preys on European native crayfish (Holdich et al., 1995) .
In Japan, the only native crayfish species, Cambaroides japonicus (De Haan, 1841), lives in cold, clear brooks and lakes in northern Japan: Hokkaido, Aomori, Akita, and Iwate Prefectures (Miyake, 1982) . In the past, C. japonicus had a widespread distribution in Hokkaido (Okada, 1933; Kawai, 1996) , but its natural populations have markedly declined, prompting the Japanese Fisheries Agency in 1998 and the Environmental Agency in 2000 to declare it an endangered species. Important reasons for this decline are considered to be from river improvements and from impacts of the invasive crayfish species P. leniusculus (Kawai et al., 2002a) .
Pacifastacus leniusculus was first introduced into Japan from North America for use as food in 1928 (Kaiwai et al., 2002b) . At first, its distribution was restricted to Lake Mashu, eastern Hokkaido, but it is currently established in other lakes and rivers, especially in eastern Hokkaido (Hiruta, 1998; Kawai et al., 2002a; Nakata et al., 2002; Ohtaka et al., 2005) . In some lakes, P. leniusculus has displaced C. japonicus. Today, as far as we know, no habitats exist where C. japonicus and P. leniusculus coexist.
Pacifastacus leniusculus dominates the native C. japonicus in shelter competition (Usio et al., 2001; Nakata and Goshima, 2003) and in aggressive encounters (Usio et al., 2001) . In addition, a crayfish plague of P. leniusculus affects C. japonicus under laboratory experimental conditions (Unestam, 1969) . Pacifastacus leniusculus has a markedly higher reproductive ability than C. japonicus in terms of egg numbers (Nakata and Goshima, 2004; Nakata et al., 2004) . Results of a preliminary simple experiment in an aquarium suggest that P. leniusculus definitely preys on C. japonicus (Kawai and Wakana, 1998) . Thus, we believe that the introduction of P. leniusculus into brooks and lakes where C. japonicus already lives would have a strongly negative effect on C. japonicus, as has been the case in the European waters.
Predation between different species occurs in crayfish (Holdich et al., 1995) . As reported for gammarid species (Dick et al., 1993 (Dick et al., , 1995 (Dick et al., , 1999 Dick and Platvoet, 2000; Kinzler and Maier, 2003) , asymmetry in mutual predation between native and invasive species may cause species replacement of crayfish, and predation pressure by P. leniusculus on C. japonicus may be an important reason for species replacement between these two crayfish species in natural habitats. Thus, mutual predation between C. japonicus and P. leniusculus needs to be examined in detail to assess the impact of P. leniusculus on C. japonicus. Only a few attempts have been made to study mutual predation between native and invasive species of crayfish (Holdich et al., 1995) .
This study was to clarify asymmetry in mutual predation between C. japonicus and P. leniusculus and to examine if P. leniusculus can negatively affect C. japonicus by predation pressure if P. leniusculus invades habitats of C. japonicus.
MATERIALS AND METHODS
Two series of laboratory experiments were done to examine mutual predation (i) between individuals in pairs of the same and different species from May to October 2003 and (ii) among a group composed of single and mixed species from June and September 2004. Field surveys were done to clarify the frequency of cannibalism by C. japonicus and P. leniusculus. However, we could not examine mutual predation between the two crayfish species in the field because of no habitats where C. japonicus and P. leniusculus co-existed during this study. This study complies with the current Japanese law.
Body Size Measurements
The total length (TL) of crayfish from the apex of the rostrum to the caudal margin of the telson, and the carapace length (CL) from the posterior margin of the orbit to the mid-dorsal posterior margin of the carapace, were measured by using a vernier caliper and were used as measurements of the size of crayfish.
Laboratory Experiments
Crayfish Samples.-We collected the native species C. japonicus by hand in a lake in Hokkaido where the population density of C. japonicus is high. Details of the sampling station are omitted here because of conservation measures for this local population. The invasive species P. leniusculus was collected by hand and by cage traps (48 cm 3 24 cm 3 24 cm, l 3 w 3 h; 5 mm mesh size) in Lake Shikaribetsu (438179N, 1438079E) in eastern Hokkaido. In this lake, the population of C. japonicus is extinct, and P. leniusculus has been established over a decade and has markedly increased (Kawai et al., 2002a; Nakata et al., 2002) .
Only intermoult crayfish that had intact chelae and other pereiopods were taken to the laboratory. No crayfish moulted within a week before each experiment. Crayfish were sexed and the CL and TL were measured. Each crayfish individual was numbered on the carapace with white fingernail polish and was placed separately by species in stock tanks (60 cm 3 30 cm 3 36 cm, l 3 w 3 h) that contained ground water that was constantly filtered and aerated. Shelters made of grey straight PVC pipes were provided in the tanks. The number and sizes of the shelters were calculated from the number and body sizes of crayfish based on Nakata et al. (2001 Nakata et al. ( , 2003b .
The maximum TL of P. leniusculus collected in Japan is 12-15 cm (Kamita, 1970; Hamano et al., 1992) , and the maximum TL of C. japonicus is approximately 7 cm (Miyake, 1982) . We divided crayfish individuals into groups by body size (TL): C. japonicus, small individuals (SCJ) , 5 cm TL and large individuals (LCJ) 5-8 cm TL; P. leniusculus, small individuals (SPL) , 5 cm TL, middle-sized individuals (MPL) 5-8 cm TL, and large individuals (LPL) . 8 cm TL.
Water temperature was maintained at 15 6 38C, at which C. japonicus and P. leniusculus are active in natural conditions in Hokkaido (Kawai et al., 1994b; Nakata et al., 2004) . The photoperiod was 12 h light : 12 h dark. During the day (06.00-18.00), white fluorescent lamps were used at a light intensity of 100 lx maximum on the water surface. One-third of the rearing water was changed every five days. Crayfish were fed with two kinds of artificial diet (Hayashikane Sangyo Co., Ltd, Shimonoseki, Japan), which had proven effective for rearing C. japonicus with high growth and survival (Nakata et al., 2003a) , in excess of requirements once a day.
Experiment I: Effect of Body Size on Intra-and Inter-specific Predation Between Individuals of a Pair.-To clarify the effect of body size differences on intra-and interspecific predation, we prepared 15 contest groups of male crayfish individuals: same species pairs of C. japonicus (1) SCJ vs. SCJ, (2) SCJ vs. LCJ, (3) LCJ vs. LCJ; same species pairs of P. leniusculus (4) SPL vs. SPL, (5) SPL vs. MPL, (6) SPL vs. LPL, (7) (Gherardi, 2002) and males have an advantage over females in intraspecific shelter competition in both C. japonicus and P. leniusculus (Nakata and Goshima, 2003) . Only male crayfish were used in the pair contests to simplify the experiments.
Semi-transparent rectangular aquaria (50 cm 3 34 cm 3 17 cm, l 3 w 3 h) filled with ground water were set in the laboratory. Each aquarium contained two shelters made of straight, grey PVC pipes. Each shelter was placed at each angle to the length of the aquaria. The sizes of the shelter were calculated according to the crayfish size based on Nakata et al. (2001 Nakata et al. ( , 2003b . Each aquarium was provided with weak aeration in the center and was covered with a transparent plastic board to prevent escape of crayfish. Water temperature, light and dark cycle, and light intensity were the same as in the stock tanks.
Both individuals of the pairs were simultaneously placed at the center of each experimental aquarium at 09:00. Daily observations were made to check if the individuals were eaten by cannibalism or predation. The period of observation of each pair was 10 days. The frequency of moulting, and loss of chelae or other pereiopods, or both, of each individual during the experiment was also recorded.
Crayfish were fed with artificial diets, the same diets as used in the stock tanks, in excess of requirements once a day after any remaining diet fed on the preceding day was removed. One-third of the experimental water was changed every three days. All experimental aquaria and shelters were well scrubbed by using tap water after each experiment for each pair.
Experiment II: Intra-and Inter-specific Predation Among Individuals in an Experimental Group.-We prepared five experimental groups with 10 experimental individuals of single and mixed species: in a single species group (1) 10 C. japonicus (five SCJ and five LCJ), (2) 10 P. leniusculus (four SPL, four MPL, and two LPL), and in a mixed species group (3) seven C. japonicus (four SCJ and three LCJ) and three P. leniusculus (one SPL, one MPL, and one LPL), (4) five C. japonicus (three SCJ and two LCJ) and five P. leniusculus (two SPL, two MPL, and one LPL), and (5) three C. japonicus (two SCJ and one LCJ) and seven P. leniusculus (three SPL, two MPL, and two LPL). The sexes of the experimental individuals were selected at random so that the sex ratio in each group was nearly 1 : 1.
Five large opaque rectangular tanks (129 cm 3 83 cm 3 21 cm, l 3 w 3 h) filled with ground water were set in the laboratory. Each tank contained 15 shelters made of straight, grey PVC pipes of preferred sizes for C. japonicus and P. leniusculus calculated based on Nakata et al. (2001 Nakata et al. ( , 2003b . Each shelter was placed randomly but to ensure they were placed in the whole area of the tanks. Each aquarium was provided with weak aeration in the center. Water temperature, light and dark cycle and light intensity were the same as in the stock tanks.
Ten crayfish individuals of each group were simultaneously placed at the center area of each experimental tank at 09:00. The methods of daily observations and feeding regimen were as for experiment I, but the period of the observation for each group was 30 days. Two replicate experiments were done for each group.
One-third of the experiment water was changed every five days. All experimental tanks and shelters were well scrubbed by using tap water after each experiment for each group.
Field Surveys: Cannibalism by C. japonicus and P. leniusculus Field surveys were done to clarify the frequency of cannibalism in natural habitats of C. japonicus and P. leniusculus. However, we could not investigate interspecific predation between the two crayfish species in the field as no habitats where C. japonicus and P. leniusculus co-exist were found during this study.
We made the field survey of C. japonicus in a lake in Hokkaido, where C. japonicus lives at high density, on 14 and 15 May 2003. Details of the study site are omitted here because of conservation measures for this local population. In this lake, the salamander Hynobius retardatus Dunn, 1923 was observed together with C. japonicus, but potential predators for C. japonicus were not found. We looked for remains of C. japonicus, which may be preyed on by the same species, and for crayfish that prey on each other, i.e., cannibalism, within 100 m 2 at the lakeshore for two hours during the day in each sampling day.
We made the field survey of P. leniusculus in Lake Shikaribetsu, eastern Hokkaido on 12 and 13 June 2003. Several fish species, including the rainbow trout Oncorhynchus mykiss (Walbaum, 1792) that is a potential predator of crayfish, live in the lake. An area was selected as the study station (100 m 2 ), which was inferred as the initial release point of P. leniusculus and where the individual density was highest in the lake (Nakata et al., 2002) . We looked for remains of P. leniusculus, which may be caused by predation by the same species, and for crayfish that prey on each other (i.e., cannibalism) for two hours in each sampling day.
RESULTS

Intra-and Inter-specific Predation Between
Individuals of a Pair
In intraspecific contests, no dead C. japonicus from cannibalism were found regardless of body size. For P. leniusculus, one (10%) and two (20%) experimental individuals died because of cannibalism in pairs SPL vs. LPL and MPL vs. LPL, respectively. All dead individuals were smaller crayfish of the pairs. Other pairs had no cannibalism (Table 1 ). All data combined showed that the frequency of cannibalism was not significantly different between C. japonicus and P. leniusculus (Fisher's exact probability test, P . 0.05).
In interspecific contests, dead individuals due to predation were in all of pairs, except for SCJ vs. SPL. The number of C. japonicus preyed on by P. leniusculus was four (40%) in SCJ vs. MPL, six (60%) in SCJ vs. LPL, one (10%) in LCJ vs. MPL, and four (40%) in LCJ vs. LPL ( Fig. 1; Table 2 ). However, the number of dead P. leniusculus due to predation by C. japonicus was one (10%) in LCJ vs. SPL (Table 2 ). All data of interspecific contests combined showed that the number of dead C. japonicus due to predation by P. leniusculus was significantly more than the reverse (Fisher's exact probability test, P , 0.001).
In intraspecific contests, two C. japonicus moulted during the experiments (in SCJ vs. SCJ), but no P. leniusculus moulted (Table 1) . In interspecific contest pairs, one each of C. japonicus in LCJ vs. SPL and LCJ vs. MPL and both P. leniusculus in LCJ vs. SPL moulted. All these moulted crayfish survived until the end of the experiments ( Table 2 ).
The number of individuals that lost their chelae or other pereiopods, or both, was one for C. japonicus (in SCJ vs. LCJ) and two for P. leniusculus in SPL vs. LPL and in MPL vs. LPL in intraspecific contests (Table 1 ). All these individuals were smaller crayfish of the pairs and survived until the end of experiments. In interspecific contests, individuals that lost their chelae or other pereiopods, or both, were only C. japonicus (two in SCJ vs. MPL and two in LCJ vs. LPL); all these individuals were smaller crayfish of the pairs. Three C. japonicus died due to predation by P. leniusculus within one to nine days after loss of their chelae or other pereiopods, or both (Table 2 ).
All the remains of crayfish due to cannibalism or predation were hard in both intra-and interspecfic pair experiments, i.e., these crayfish did not moult before death during the experiment.
Intra-and Inter-specific Predation Among an
Experimental Group All data of the two replicates were combined. In single species groups the number of dead individuals due to cannibalism was one (5%) and three (15%) for C. japonicus and P. leniusculus, respectively (Table 3 ). In mixed species groups, however, dead individuals due to predation were only for C. japonicus; that is, all P. leniusculus survived until the end of the experiments. Fifty percent of C. japonicus were eaten in the groups of seven C. japonicus and three P. leniusculus, and of five C. japonicus and five P. leniusculus. All individuals of C. japonicus were eaten in the group of three C. japonicus and seven P. leniusculus (Table 3 ). The data combined for all groups showed that mortality due to predation of C. japonicus was significantly higher than for P. leniusculus (Fisher's exact probability test, P , 0.001). We observed many larger P. leniusculus (LPL) preying on C. japonicus.
In the single species groups, moulted crayfish were found only for P. leniusculus during the experiment at 10 (50%). One of the 10 moulted crayfish died because of cannibalism within two days after moulting. In the mixed species groups, no C. japonicus moulted, but three (20%) P. leniusculus moulted and all survived during the experiment (Table 3) . Table 1 . Frequency of cannibalism of the native crayfish C. japonicus and the invasive crayfish P. leniusculus in experiment I. SCJ, LCJ, SPL, MPL and LPL are small C. japonicus, large C. japonicus, small P. leniusculus, middle-sized P. leniusculus and large P. leniusculus, respectively (see text). Parentheses denote the number of dead individuals at the end of the experiments. No crayfish that lost their chelae or other pereiopods, or both, were in the single species groups. In the mixed species group, three (20%) individuals of C. japonicus lost their chelae or other pereiopods, or both, and died because of predation by other crayfish during the experiment. However, no P. leniusculus lost their chelae or other pereiopods, or both (Table 3 ).
All remains of crayfish due to cannibalism or predation were hard in the experiments of both single and mixed species groups, i.e., these crayfish had not moulted before death during the experiment.
Frequency of Cannibalism in the Field
The remains of one dead crayfish of each of C. japonicus and P. leniusculus were found that may have been caused by predation of the same crayfish species. The remains were hard, that is, these crayfish were eaten not soon after moulting. No crayfish that preyed on each other, i.e., cannibalism, was found for either species.
DISCUSSION
Aggressive activity of crayfish can decline with increasing availability of both shelter and food (Capelli and Hamilton, 1984) . In our laboratory experiments, shelter of preferred sizes and food was provided in excess of requirements, but the alien species P. leniusculus severely preyed on the native species C. japonicus. Similar predation pressure by P. leniusculus occurs for the European native crayfish Austropotamobius pallipes (Lereboullet, 1858) under ex- Fig. 1 . Remains of the native crayfish C. japonicus preyed on by the invasive crayfish P. leniusculus in experiment I. Table 2 . Frequency of interspecific predation between C. japonicus and P. leniusculus in experiment I. SCJ, LCJ, SPL, MPL and LPL are small C. japonicus, large C. japonicus, small P. leniusculus, middle-sized P. leniusculus and large P. leniusculus, respectively (see text). Parentheses denote the number of dead individuals at the end of the experiments. (Holdich et al., 1995) . In Europe, the introduction of invasive crayfish, including P. leniusculus, has caused extinction of native crayfish populations, and predation is considered an important reason for the species replacement (Holdich, 1999 (Holdich, , 2000 . From the results of this study and the European case, P. leniusculus would predate C. japonicus in natural habitats if P. leniusculus invades the habitats of C. japonicus. As in the European case, the introduction of P. leniusculus would seriously threaten the native crayfish in Japan.
In amphipod crustacean species, asymmetry in mutual predation may lead to species replacement of native gammarid species by invasives (Dick et al., 1993 (Dick et al., , 1995 (Dick et al., , 1999 Dick and Platvoet, 2000; Kinzler and Maier, 2003) . We believe that asymmetry in mutual predation between native and invasive species may be a key factor in crayfish species replacement as predation pressure by invasive crayfish on native crayfish was severe in this study.
In the different species pair and mixed species group experiments, the loss of chelae or other pereiopods, or both, was only by C. japonicus, and almost all of these crayfish were preyed on by other crayfish (probably P. leniusculus) in both experiments I and II (Tables 2 and 3) . A positive correlation between mortality and cheliped loss was reported for the noble crayfish, Astacus astacus (Linnaeus, 1758) (Taugbøl and Skurdal, 1992) . In crayfish, the loss of chelae and other appendages are mainly during aggressive encounters with other crayfish, and scars are mostly present on chelae, which are the main targets of agonistic contacts (Gherardi et al., 2000) . In laboratory experiments, P. leniusculus usually dominates C. japonicus in aggressive encounters in a male-male contest of equal-sized pairs of 18-34 mm orbital carapace length (Usio et al., 2001 ). Therefore, P. leniusculus would dominate C. japonicus in natural conditions when it invades the habitats of C. japonicus. The severe aggression by P. leniusculus may cause loss of chelae or other pereiopods, or both, of C. japonicus. In natural habitats, C. japonicus that lost their chelae are frequently observed (Kawai et al., 1994a) . Because of high rates of chela loss even in the habitats of only C. japonicus, chela would be lost at higher rates in potential habitats where C. japonicus and P. leniusculus coexist. Individuals of C. japonicus without chelae would be susceptible to predation by P. leniusculus, as shown by the results of this study.
In experiment I, chelae or other pereiopods, or both, were lost mainly by smaller individuals. Generally, larger crayfish have an advantage over smaller crayfish in aggressive encounters (Bovbjerg, 1956) . In shelter competition between C. japonicus and P. leniusculus, body-size advantage strongly influences the outcome (Nakata and Goshima, 2003) . The maximum body size of C. japonicus is approximately 7 cm TL (Miyake, 1982) , and the maximum TL of P. leniusculus that has been collected in Japan is 12-15 cm (Kamita, 1970; Hamano et al., 1992) . Hence, we believe that the proportion of injured smaller C. japonicus would be higher due to aggression by larger P. leniusculus, resulting in susceptibility to predation by P. leniusculus on C. japonicus if the invasive crayfish is established in the habitats of the native crayfish. Large P. leniusculus definitely preyed on C. japonicus in our experiments ( Table 2) .
The number of dead individuals due to predation after moulting was few in our experiments (Tables 1, 2 and 3) . However, crayfish are highly vulnerable to predation and to adverse environmental factors during moulting (Reynolds, 2002) . In laboratory experiments for noble crayfish, A. astacus, the moulting rate was positively correlated to mortality (Taugbøl and Skurdal, 1992) . In amphipod crustacean species, differential predation by males of one species on moulted females of another species may be the primary mechanism of species replacement between native and invasive gammarids (Dick et al., 1990) . We provided shelter and food, by which aggressive activity of crayfish can decline (Capelli and Hamilton, 1984) , in excess of requirements in the experiment, but when shelter and food were lacking, moulted C. japonicus may be more vulnerable to predation by P. leniusculus. The influence of moulting on interspecific predation between C. japonicus and P. leniusculus needs to be examined in detail.
In our experiments, we minimized the numbers of individuals used and replicates, as C. japonicus is an endangered species and thus we had to keep the number of dead C. japonicus to the minimum in this study. However, our results clearly showed, based on the results of statistical tests, that the predation pressure on C. japonicus by P. leniusculus was severe.
In our field surveys, the remains of C. japonicus and P. leniusculus were scanty. No predators have been found in the study site for C. japonicus. Potential fish predators, such as rainbow trout, coexist together with P. leniusculus in Table 3 . Frequency of predation in single and mixed species groups in experiment II. CJ and PL are C. japonicus and P. leniusculus, respectively. Parentheses denote the number of dead individuals at the end of the experiments. Lake Shikaribetsu, where we made the survey for P. leniusculus, but such predatory fish would not leave traces of predation, as shown by our finding, because they can ingest crayfish during the predation. No other potential predators, except for fish, are found in the study area of Lake Shikaribetsu. Therefore, we believe that the remains of C. japonicus and P. leniusculus in our study may result from cannibalism. According to a previous investigation in Takkobu Lake, Hokkaido, a pereiopod of P. leniusculus was found from the stomach contents of the same crayfish species, which showed that cannibalism by P. leniusculus occurs in the wild (Kamiyama et al., 2004) . Namely, cannibalism would occur in natural habitats of the two crayfish species. Generally, cannibalism has often been considered to be frequent in dense crayfish populations, when alternative food sources are limited (reviewed by Nyström, 2002) . Our results of the laboratory experiments showed that the rates of predation were much higher in interspecific pairs or in mixed species groups, i.e., C. japonicus was preyed on by P. leniusculus, compared with intraspecific pairs or single species groups, i.e., cannibalism. Similar predation by invasive crayfish on native crayfish would occur in the wild if P. leniusculus invades the habitats of C. japonicus because both crayfish species may be preyed on even by the same species in the wild, as shown by our field surveys. We made the field surveys during the day, but the frequency of cannibalism may be higher during the night as both C. japonicus and P. leniusculus are more active at night compared with the day (C. japonicus: Nakata et al., 2001; P. leniusculus: Kozák et al., 2002) .
The invasive P. leniusculus has a markedly higher reproductive ability than the native C. japonicus in terms of egg numbers (Nakata and Goshima, 2004; Nakata et al., 2004) , and can dominate C. japonicus in both an aggressive interaction, and in shelter competition (Usio et al., 2001; Nakata and Goshima, 2003) . A crayfish plague of P. leniusculus can affect C. japonicus under laboratory experimental conditions (Unestam, 1969) . As shown by this study, severe predation pressure by P. leniusculus on C. japonicus would occur when the two crayfish species coexist and might consequently cause extinction of C. japonicus local populations. Thus, we can say that invasions of P. leniusculus would seriously threaten the native C. japonicus. P. leniusculus would have a negative effect on not only native crayfish but on other native aquatic species. In Europe, invasive crayfish, including P. leniusculus, have affected the native species including benthic fish, molluscs, and macrophytes, as well as other crayfish species (Holdich, 1999) . The lesson we learnt from the European case should prompt measures and actions against the spread of P. leniusculus in Japan.
